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Wind-tunnel t e s t s  o f  a l /? -sca le  semispan model of  
the Republic XF-12 ho r i zon ta l  t a i l  su r f ace  equipped w i t h  
an i n t e r n a l l y  balanced e l e v a t o r  were conducted i n  the 
6- by 6 - f o o t  t e s t  s ec t ion  o f  the Langley s t a b i l i t y  tunnel .  
The t e s t s  included measurements of  the aerodynamic char- 
a c t e r i s t i c s  o f  the ho r i zon ta l  t a i l  w i t h  and without a 
beveled t r a i l i n g  edge and a l s o  included measurements of  
the  t a b  c h a r a c t e r i s t i c s .  The v a r i a t i o n  o f  the aerodynamic 
c h a r a c t e r i s t i c s  w i t h  boundary-layer condi t ions and leakage 
in  the internal-balance chambers, measurements of t h e  
boundary-layer displacement th ickness  n e a r  the e l e v a t o r  
hinge a x i s ,  and pressure d i s t r i b u t i o n s  a t  the mean 
geometric chord were a l so  obtained.  

The r e s u l t s  showed t h a t  t h e  hinge-moment charac- 
t e r i s t i c s  of the e l eva to r  were c r i t i c a l  t o  boundary-layer 
condi t ions and in te rna l -ba lance  leakage. IXcreasing the 
boundary-layer displacement th ickness  by use o f  113 ughness 
s t r i p s  reduced the r a t e  of  change o f  e l e v a t o r  hinge 
moments with tab d e f l e c t i o n  by about 20 percent .  The 
present  h o r i z o n t a l  t a i l  aDpears t o  be u n s a t i s f a c t o r y  f o r  
l o n g i t u d i n a l  s t a b i l i t y  w i t h  power on, however, an increase  
i n  h o r i z o n t a l - t a i l  l i f t  e f f e c t i v e n e s s  should c o r r e c t  th i s  
d i f f i c u l t y .  The maneuvering s t i c k  fo rce  per unit 
acce le ra t ion  w i l l  be extremely c r i t i c a l  t o  minor var ia t ions  
of the e l e v a t o r  hinge moments i f  the  e l e v a t o r  i s  l inked  
d i r e c t l y  t o  the s t i c k .  

A t  the request  of t h e  Amy A i r  Forces, A i r  Technical 
Service Command, t e s t s  weye conducted of a l /?-scale  
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sernispan model of the Republic XF-12 ho r i zon ta l  t a i l  
surface.  The XF-12 a i rp l ane  i s  a l a r g e ,  f a s t ,  h igh -  
a l t i t u d e  photographic a i r p l a n e  o f  conventional design.  
(See f i g .  1.) 

These t e s t s ,  as p a r t  of a s e r i e s  of i n v e s t i g a t i o n s  
o f  various components and of  a complete model o f  the 
XF-12 a i r p l a n e ,  were conducted t o  o b t a i n  d a t a  u se fu l  i n  
the design o f  the XF-12 h o r i z o n t a l  t a i l .  O f  genera l  
i n t e r e s t ,  however, i s  the information obtained on the 
e f f e c t s  o f  boundary-layer condi t ions  and leakage on the 
aerodynarni c c h a r a c t e r i s t i c s  o f  the h o r i z o n t a l  t a i l .  

The c o e f f i c i e n t s  and symbols used i n  t h i s  r e p o r t  
a re  d e f i n e d  a s  follows: 

cL 

cZ 

ch 

Cm 

CD 
A I )  . 

P 

6-::-/C 

l i f t  c o e f f i c i e n t  (L/qS)  

s e c t i o n  l i f t  c o e f f i c i e n t  ( t / q c )  

hinge-moment c o e f f i c i e n t  (H/qbz2) 

pitching-monent c o e f f i c i e n t  aboxt chord 
of the mean geometric chord (31 

drag  c o e f f i c i e n t  (D/qS) 

pressure  c o e f f i c i e n t  ac ross  i n t e r n a l  balance 
(p re s su re  below balance minus pressure above 
balance divided by f ree-s t ream dynamic 
pressure  ) 

pressure c o e f f i c i e n t  ( l o c a l  s t a t i c  pressure minus 
free-s t ream s t a t i c  pressure  divided by f r e e -  
stream dynamic pressure  ) 

boundary-layer displacement 
03 

thickness [l (1 - ;)d(:] 
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E 1 leakage f a c t o r  

pressure d i f f e rence  across  balance 
i n t e r n a l  balance (b c ) 

p ( a > - p ( d )  appl ied  pressure d i f f e rence  acrosz 
i n t e r n a l  balance 

F 

F1 

L 

2 

H 

M 

D 

S 

C 

C '  

- 
C 

s 
- 
t .  

overhang f a c t  

e l e v a t  or  
be 

overhang f a c t o r  f o r  e l eva to r  r o o t  - 

chamber r3 - f$J] 
sponding f o r  F3. and F,) 

3 

of  

vents  of  

( co r re -  

7 L 

l i f t  of the semlspan model 

s ec t ion  l i f t  

hinge moment of con t ro l  sur face ,  p o s i t i v e  
when tending t o  r o t a t e  the  t r a i l i n g  edge 
down 

p i tch ing  moment of semispan model 

drag of semispan model 

a rea  of the semispan model 

l o c a l  chord 

mean geometric chord 

r o o t  mean square chord 

span 

r o o t  mean square th ickness  of e l e v a t o r  a t  
e l e v a t o r  hinge axis 
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U l o c a l  v e l o c i t y  i n  boundary l a y e r  

U l o c a l  ve loc i ty  outside boundary l a y e r  

Y d i s t ance  normal t o  sur face  of a i r f o i l  a t  which 

q dynamic pressure 

R Reynolds n m b e r  

v f r e e  - s  t r e  am velocity 

P mass d e n s i t y  o f  a i r  

l o c a l  ve loc i ty  i s  measured 

(b$) 
(Y) 

P v i s c o s i t y  o f  a i r  

U angle o f  a t  t ack  

6 c o n t r o l  surace angle r e l a t i v e  t o  sur face  t o  which 
i t  i s  hinged, p o s i t i v e  when t r a i l i n g  edge i s  
de f l ec t ed  down 

t r a i  1 ing-edge angle B 
Subscr ip ts  

e e l e v a t o r  

t t a b  

b balance 

1 .  r o o t  chaqber 

2 cen te r  chamber 

3 t i p  chamber 

S1 ope s 

. 
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i 

= (b ’Jm/&a)6 6 
e3 t 

a, 6 t  
‘mee = (bcm/&e) 

Pa = ( b P / b a )  

*et? = (dP/Me)a,,t 

6 e * 6 t  

where s - p b o l s  fol lowing pa ren thes i s  i nd ica t e  f a c t o r s  
he ld  constant  and angles a re  i n  degrees ,  

APPARATUS A M I  METHODS 

Mode 1 

The l /?-scale semispan model o f  
ho r i zon ta l  t a i l  used i n  these t e s t s  

5 

t he  Republic XF-12  
was furnished by 
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the Republic Aviat ion Corporation. Various photographs 
of the  model a r e  given i n  f igu re  2 and a ske tch  showing 
the pe r t inen t  d e t a i l s  of the model i s  given i n  f igu re  3. 
T5e t ab  gap was unsealed f o r  a l l  the  t e s t s .  The 
ord ina tes  of the h o r i z o n t a l - t a i l  a i r f o i l  contour a re  
presented i n  t a b l e  I. Up t o  the 50-percent s t a t i o n  
these o rd ina te s  s r e  the same as  those o f  the NACU 651-012 
a i r f o i l ;  t o  the r e a r  o f  this s t a t i o n  the o rd ina te s  were 
modified s o  a s  t o  e l imina te  tha cusp. The t r a i l i ng -edge  
angle of  the e l e v a t o r  was 160 over the inboard, 90 per- 
cen t  of  the e l e v a t o r  semispan, and decreased t o  l 3 O  a t  
the  e l eva to r  t i p .  The geometric c h a r a c t e r i s t i c s  of the 
model a re  presented i n  t a b l e  11. 

The i n t e r n a l  balance of the e l e v a t o r  was divided 
i n t o  three spanwise chambers a t  the h inges .  (See f i g .  2 . )  
The nose and ends of' the in te rna l -ba lance  p l a t e  i n  each 
chamber were sealed t o  the f r o n t  of  the balance chamber 
and t o  the s i d e s  of the hinges,  r e spec t ive ly ,  w i t h  a 
continuous s t r i p  o f  f l e x i b l e  m a t e r i a l .  In order  t o  
determine the  e f f e c t  o f  leakage on the c h a r a c t e r i s t i c s  
of  t he  in te rna l -ba lance  e l e v a t o r ,  3/16-inch ho le s  were t 

d r i l l e d  through the in te rna l -ba lance  overhang a t  the 
choqdwise l o c a t i o n  shown i n  f i g u r e  4. The f i r s t  hole  
was d r i l l e d  1 inch  from the r o o t  end of the i n t e r n a l -  
balance overhang and succeeding ho le s  were p rogres s ive ly  
spaced 1 inch between cen te r s .  

A bu i l t -up  beveled t r a i l i n g  edge was added t o  the 
e l eva to r  outboard of  the t a b  f o r  the beve led - t r a i l i ng -  
edge t e s t s .  A ske tch  i f  a t y p i c a l  s e c t i o n  o f  the 
beveled-trai l ing-edge e l e v a t o r  i s  given i n  f i g m e  4. 
The t ra i l ing-edge  angle of the beveled e l e v a t o r  was 16' 
o v 4 r  the t ab ,  2 5 O  outboard o f  the tab t o  90 percent  o f  
the e l eva to r  span, and decreased t o  220 a t  the e l e v a t o r  
t i p .  

Ins t a l l a t  ion 

The semispan sode l  of  the XF-12 h o r i z o n t a l  t a i l  was 
mounted h o r i z o n t a l l y  i n  the 6- by 6-foot  t e s t  s ec t ion  o f  
the  Langley s t a b i l i t y  tunnel w i t h  the r o o t  enc? of the 
h o r i z o n t a l  t a i l  adjacent  t o  one s i d e  o f  the t e s t  s e c t i o n  
which acted as a r e f l e c t i o n  plane.  (See f i g .  2 . )  The 
model was supported e n t i r e l y  by the balstnce frame so 
tha t  a l l  the forces  and moments a c t i n g  on the model 
could be measured. The po r t ion  of the model forward o f  
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54 percent  of  t he  roo t  chord protruded through the d i s c  
i n  the tunnel  w a l l  t o  the balance f r ane ;  the clearance 
between the model and the d i s c  was sea led  with f l e x i b l e  
ma te r i a l .  
the  no r t ion  of the model t o  the r e a r  of 54 percer,t o f  
the  root  chord and the  tunnel wa l l .  E leva tor  hinge 
mcinents were measured by  a spring-torque balance l inked  
t o  the e l e v a t o r ,  Tab hinge moments were measured w i t h  
a s t r a i n  gage mounted i n  the e l e v a t o r .  

An open gap o f  1/16 inch was l e f t  between 

Tests 

Tes ts  were made o f  the h o r i z o n t a l - t a i l  model w i t h  
and without a beveled t r a i l i n g  edge f o r  a range o f  
angles of a t t a c k  from -130 t o  10' and f o r  a range of 
e l e v a t o r  angles f rom -240 t o  14.50. 
included measurements of l i f t ,  e l e v a t o r  hinge moment, 
p i t c h i n g  moment, drag, and pressure d i f f e r e n c e  across  
the balance f o r  both the smooth model and the model 
w i t h  roughness s t r i p s  . The des igna t ion  "smooth model" 
corresponds t o  the condi t ion of f r e e  t r a n s i t i o n  on the 
smooth, highly polished model, The "roughness s t r i p s l I  
were strfps placed on the smooth model a t  a cons tan t  
percent  o f  the h o r i z o n t a l - t a i l  chord on both upper and 
lower sur faces .  The s t r i p s ,  whose average h e i g h t  was 
aDproximately 0.0007 of the mean geometric chord, were 
prepared by cementing no. 60 carborundum p a r t i c l e s  t o  
the  back o f  ce l lu lose  tape i n  a s t r i p  l h - i n c h  wide. 

Measurements o f  t a b  hinge moments were made on the 
h o r i z o n t a l  t a i l  without a beveled t r a i l i n g  edge f o r  a 
range of  t a b  angles  from - loo  t o  25' on both the smooth 
model and the model with rqughness s t r i p s  a t  0 . 2 5 ~ .  
Leakage t e s t s  were made on the ho r i zon ta l  t a i l  w i th  
roughness s t r i p s  a t  0 . 2 5 ~  with one, two, and f o u r  inboard 
holes i n  each chamber open and w i t h  e i g h t  ho le s  i n  the 
roo t  and cen te r  chambers and s ix  ho le s  i n  the t i p  chamber 

These t e s t s  

- open. 

Pressure d i s t r i b u t i o n s  were obtained on the smooth 
model a t  the spanwise loca t ion  o f  the mean geometric 
chord. !Pie pressures  were measured by a s ingle- tube  
s t a t i c  mouse a t tached  t o  the upper sur face  of the  model 
and moved t o  var ious chordwise loca t ions .  k previous 
c a l i b r a t i o n  of tne s t a t i c  tube a g a i n s t  su r f ace  o r i f i c e s  
i n  a model i n d i c a t e s  t h a t  the pressure  c o e f f i c i e n t s  



8 a MR NO. ~ 5 ~ 1 2  

obtained w i t h  the  s t a t i c  tube a re  i n  the order  o f  0 
t o  0.05 more p o s i t i v e  than s t a t i c  sur face  o r i f i c e s .  
Velocity p r o f i l e s  were a l s o  measured In the boundary 
l aye r  a t  0 . 6 5 ~  a t  the spanwise l o c a t i o n  o f  the mean 
geometric chord. These measurements were made w i t h  a 
mouse cons i s t ing  o f  s i x  total-head tubes a t  various 
he ights  above the a i r f o i l  sur face  and one s t a t i c  tuSe 
approximately 1/2 inch  above the su r face .  Pressure 
d i s t r i b u t i o n s  and boundary-layer measurements f o r  the  
lower surface of the model were obtained by revers ing  
the angle of  a t t a c k  and e l e v a t o r  angle from the condi- 
t i o n s  a t  which measurements were made f o r  t he  upper 
surf  ace. 

A l l  the t e s t s  except those s p e c i f i c a l l y  l abe led  
on the f igu res  were made a t  a dynamic pressure  of 
64.3 pounds per  square foo t .  The corresponding a i r -  
speed under s tandard sea- level  atmospheric condi t ions  
i s  159 miles  pe r  h o u r  and the  Reynolds number based on 
the mean geometric chord i s  2.76 Y 10 . A few fo rce  
t e s t s  were made a t  3 dynamic pressure of  98.3 pounds 
per  square foo t  and a few boundary-layer t e s t s  were 
inadver ten t ly  made a t  a dynamic pressure of 39.7 pounds 
per  square foot .  The corresponding Reynolds numbers are  
3.41 X l o 6  and 2.16 X lo6, r e spec t ive ly .  

6 

Leakage De terminat ion 

The completeness of the i n t e r n a l  balance s e a l  i n  
each of the chambers was determined by  pressure  measure- 
ments. A rec tangular  box was placed over the vent on 
the upper sur face  of the model and a pressure  d i f f e r -  
ence was appl ied  across  the vents o f  the i n t e r n a l  
balance as shown schematical ly  i n  f i g u r e  5. If the 
internal-balance chamber were completely sea led ,  the 
leakage f a c t o r  E would, by d e f i n i t i o n ,  equal  zero. 

Measurements of the Jeakage f a c t c r  were made f o r  a 
s e r i e s  o f  appl ied nressure d i f f e rences  f rom 0 t o  
approximately -q f o r  each of the model conf igura t ions  
t e s t ed .  
the value of E: varied in the order o f  t0.02, consequenfly, 
a l l  values of E given a re  average values.  The s e a l  i n  
the internal-balance chamber was complete except a t  the 
hinges just under the r e a r  end of the  cover p l a t e s .  It 
i s  believed that  the va r i a t ions  i n  E were caused by - 

1 

When 3 etermined f o r  comparable s e a l  condftions, 
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the s e a l  assuming s l i g h t l y  d i f f e r e n t  pos i t i ons  a t  the 
e l e v a t o r  hinge f o r  the various times t h a t  E was 
determlned. 

Correct ions 

L i f t ,  e l e v a t o r  hinge moment, p i t ch ing  moment, drag, 
p ressure  d i f f e rence  ac ross  the  balance,  and angle o f  
a t t a c k  have been corrected for e f f e c t s  o f  the 
boundaries by the general  methods o f  reference 1. The 
values used f o r  these t e s t s  a r e :  

j e t  

= c,' + 0 . 0 1 0 9 ~ ~  Cm 

cD = cD1 + 0 . 0 1 9 8 ~ ~ 2  

D P ~  = op11 - 0.018~~ 

= = + 

where the primed symbols i n d i c a t e  the uncorrected values.  
The co r rec t ion  t o  the  tab  hinge moments was est imated t o  
be n e g l i g i b l e  and, consequently, was n o t  appl ied .  

No co r rec t ions  f o r  jet-boundary e f f e c t s  and i n t e r -  
ference e f f e c t s  between the mouse tubes and the model 
have been made t o  the pressures  measured i n  the pres-  
sure d i s t r i b u t i o n  and boundary-layer t e s t s .  Also, no 
correcti-ons have been made f o r  the e f f e c t s  o f  the 
tunnel-wall  boundary layer  a t  the r o o t  o f  the model o r  
f o r  t he  gap between the r e a r  po r t ion  of the  r o o t  s e c t i o n  
o f  the model and the tunnel w a l l .  
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I 

RESULTS A N 3  DISCUSSION 

Presenta t ron  of  Data 

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a re  presented i n  
f i g u r e s  6 t o  20. A summary o f  some o f  the aerodynamic 
c h a r a c t e r i s t i c s  of the various modif icat ions t e s t e d  i s  
given i n  t a b l e  111. The s lopes  were obtained over a 
small range o f  angles  o f  a t t a c k  and e l e v a t o r  and t a b  
angles a t  approximately a = 6, = S t  = Oo. It w i l l  be 
not iced 
horizon 
These d 

t h a t  s e v e r a l  values o f - t h e  s lope 
t a l  t a i l  a r e  given f o r  i d e n t i c a l  
iff'erences r ep resen t  the accuracy 

s f o r  
t e s t  
. with 

the 
condi t ions.  
which the 

r e s u l t s  could be repeated.  

The values of  (AP),, (AP)6,, and E given a re  
weighted mean values for the th ree  in te rna l -ba lance  
chambers, t h a t  i s ,  

and correspondingly f o r  ( AP)6e and E,  

were measured f o r  a l l  t h ree  in te rna l -ba lance  chambers, 
only the r e s u l t s  f o r  the r o o t  chamber a re  presented i n  
the p l o t s .  Pressure d i f f e r e n c e s  f o r  the center  and t i p  
chambers, when n e i t h e r  the  h o r i z o n t a l  t a i l  o r  the 
e l eva to r  a re  s t a l l e d ,  may be est imated fron: t he  following 
empir ical  r e l a t i o n s .  

Although presstlre d i f f e r e n c e s  across' the balance 

5P2 = 0.97AP1 

A P ~  = 0 . 7 8 ~ ~ ~  

These r e l a t i o n s  were obtained f rom a comparison of the 
pressures  i n  the three  chambers for various angles of 
a t t a c k  and d e f l e c t i o n s .  These r e l a t i o n s  a p n l y  t o  the 
model both w i t h  and without the roughness s t r i p s  o r  
bevel and are  approximately c o r r e c t  for the tes t s  w i t h  
add i t iona l  leakage.  Beyond the s t a l l  no d e f i n i t e  
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r e l a t i o n  w a s  found f o r  the pressure d i f f e rences  i n  the 
th ree  chambers. 

Bowdary-Layer Xeasurement s 

It was considered d e s i r a b l e  t o  simulate on the model 
the ca l cu la t ed  boundary-layer displacement th ickness  j u s t  
ahead of  the e l e v a t o r  hinge axis s o  t h a t  the aerodynamic 
c h a r a c t e r i s t i c s  o f  the model may more n e a r l y  r e p r e s e n t  
the c h a r a c t e r i s t i c s  o f  the h o r i z o n t a l  t a i l  i n  f l i gh t .  
The Rep-olds number o f  the h o r i z o n t a l  t a i l  o f  t h e  
XF-12 a i rp l ane  f l y i n g  a t  400 miles  pe r  hour a t  
40,000 f e e t  a l t i t u d e  ( t h e  design c r u i s i n g  cond i t ion )  
i s  approximately 107. Because the a i r p l a n e  h o r i z o n t a l  
t a i l  may under some condi t ions o f  f l i g h t  be ope ra t ing  
i n  the  s l i p s t r eam and because the su r face  roughaess of 
a combat a i rp lane  may be r e l a t i v e l y  l a r g e ,  the t r a n s i t i o n  
i n  f l i gh t  may occur near the nose of the h o r i z o n t a l  t a i l .  
Urpublished t h e o r e t i c a l  c a l c u l a t i o n s  o f  the boundary- 
l a y e r  displacement thickness bs:-/c a t  0 . 6 5 ~  on the 
NACA 651-012 a i r f o i l  w i t h  t r a n s i t i o n  a t  the l ead ing  edge 
and at R = 107 gave a value o f  6*/c o f  0.00157 a t  
ct = 0. The boundary-layer displacement th ickness  may 
be considered as the thickness  t o  be added t o  t he  a i r -  
f o i l  contour t o  ob ta in  the e f f e c t i v e  a i r f o i l  contour.  

The v e l o c i t y  n r o f i l e s  through the boundary l a y e r ,  
measured on the f ior izonta l - ta i l  model, a r e  shown i n  
f i g u r e  6. Values of ~ / c  a re  given i n  f i g u r e  7. A 
comparison o f  the measured and t h e o r e t i c a l  values  
of 6%/c i n d i c a t e s  t ha t  w i t h  s t r i p s  on the model 
a t  O.25c, the t h e o r e t i c a l  boundary-layer condi t ions  on 
the a i rp l ane  were a9Froximately simulated a t  
As the l i f t  ccer ' f ic ien t  i s  varied. by changing the angle 
o f  a t t a c k ,  6-::./c increases  more r a p i d l y  on the upper 
sur face  and decreases  rnore r a p i d l y  on t h e  lower su r face  
than was ca l cu la t ed  t h e o r e t i c a l l y  f o r  the NACA 651-012 air- 
f o i l  with t r a n s i t i o n  a t  the l e a d i n g  edge and w i t h  R = lo? 
It i s  apparent,  therefore ,  t h a t  ir, order  t o  s imulate  the 
t h e o r e t i c a l  boundary-layer condi t ions  f o r  o the r  ang le s  
o f  a t t a c k  and de f l ec t ions ,  the strips must be r e loca ted  
on the nodel  f o r  every coneition$. Sincz the roughness 
s t r ip s  were xo t  re located cn the  model f o r  every condi- 
t ion ,  the e f f e c t  of the roughness s t r i p s  de te ra ined  i n  
t h i s  i n v e s t i g a t i o n  does n o t  sirnulate the  e f f e c t  of 
movement o f  t r a n s i t i o n  on the a c t u a l  h o r i z o n t a l  t a i l .  

a = 6, = Oo. 

) 
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The loca t ion  of t r a n s i t i o n  on the smooth model w a s  no t  
determined, (See f i g .  7 . )  

Aerodynamic C h a r a c t e r i s t i c s  of  the Horizontal  T a i l  

The c o e f f i c i e n t s  o f  l i f t ,  e l e v a t o r  hinge moment, 
pi tching moment, drag, and pressure  d i f f e rence  $cross  the 
balance of  the h o r i z o n t a l  t a i l  a r e  given In f igu re  8 
f o r  the smooth model and i n  f i g u r e  9 for the  model with 
roughness s t r i p s  a t  0 . 2 5 ~ .  The leakage f a c t o r  E 
changed during these t e s t s ;  however, a s tudy  of the t e s t  
conditions,  the model, and the d a t a  i n d i c a t e  t h a t  the 
t e s t s  of the smooth model were made a t  E = 0.03 and the  
t e s t s  with the roughness s t r i p s  a t  0 . 2 5 ~  were made 
between E = 0.03 and E = 0.12. 

obtaZned in f i g u r e s  8 and 9 were not  c lose enough' t o  
define completely the curves o f  C h e  a g a i n s t  a and 
because of the d i f f e rences  i n  th leakage, a d d i t i o n a l  
t e s t s  were made of the ho r i zon ta l  t a i l .  The r e s u l t s  of  
these t e s t s  a re  presented. i n  f i g u r e  10.  For the  smooth 
model the curves of Che a g a i n s t  a a r e  approximately 
l i n e a r  between -2' t o  2 O  and a t  these l i m i t s  abrupt  
changes occurred. Although i t  i s  n o t  apparent  i n  t h e  
drag  o f  the  complete model, t h i s  range corresponds 
approximately t o  the low-drag range o f  the a i r f o i l .  It 
i s  believed that, as  the angle of a t t a c k  inc reases  
beyond the  low-drag range, t r a n s i t i o n  on the  upper sur -  
f ace  abrupt ly  moves forward wi th  a corresponding l a r g e  
increase i n  &:/c over the  r e a r  por t ion  of the a i r f o i l ;  
whereas, on the lower surface t r a n s i t i o n  g radua l ly  noves 
rearward with a corresponding decrease in  61:-/c. Such 
chznges i n  6-::-/c produce a change i n  e f f e c t i v e  camber 
which r e s u l t s  i n  pos i t i ve  hinge-moment increments f o r  
pos i t i ve  angles  o f  a t t ack .  It i s  a l s o  expected t h a t  the 
l a r g e r  the t ra i l ing-edge  angle the l a r g e r  the change in 
hinge moments. By l i m i t i n g  the movement of t r a n s i t i o n  
(placing roughness s t r i p s  near  +,he a i r f o i l  l ead ing  edge ), 
i t  i s  be l ieved  that  the changes i n  6-::-/c with  angle of 
a t t a c k  become more gradual ,  Figure 1 0  shows that the 
roughness s t r i p s  reduced o r  e l imina ted  the  abrupt  changes 
i n  the hinge-moment curves w i t h  an a t t endan t  p o s i t i v e  
increase in  Chea over the sniali range of a;?gles of 
a t t ack .  

Because the angles of  a t t a c k  f o r  which the d a t a  were 

. .. . 



. ,  

I 

I .. 

13 MR NO. ~ 5 ~ 1 2  

The e f f e c t s  o f  boundary-layer cond i t ions  on the 
v a r i a t i o n s  of CL and AI? with a were s o  small a s  
t o  be wi th in  the accurac ies  o f  the t e s t s .  The v a r i a t i o n s  
of  'heGe, '~6,' and (AP)6, wi th  boundary-layer 

condi t ions  a r e ,  however, of r e l a t i v e l y  l a r g e  magnitude . 
(See f i g .  1 0  and t a b l e  111). These va r i a t ions  a re  such 
tha t  ch becomes more p o s i t i v e  with roughness 

ege 
and C -  and (AP)ge become more negative.  

L6e 
The roughness s t r ips  a t  0 . 2 5 ~  on the mod, -1 were 

A t  l a r g e  
intended t o  dup l i ca t e  the f l o w  condi t ions on the a c t u a l  
h o r i z o n t a l  t a i l  a t  small d e f l e c t i o n s  only. 
elevator def lec t ions ,  i t  i s  bel ieved t h a t  the smooth model 
more n e a r l y  r e p r e s e n t s  the condl t rons o f  the Eictual 
ho r i zon ta l  t a i l  because the roughness s t r i p s  hastened 
r a t h e r  than delayed the sepa ra t ion  over the e l e v a t o r .  

Aerodynamic C h a r a c t e r i s t i c s  of the Horizontal  T a i l  

wi th  a Beveled T r a i l i n g  Edge 

A beveled t r a i l i n g  edge was added t o  the e l e v a t o r  
outboard o f  the t ab  t o  provide d a t a  on t h i s  means of 
i nc reas ing  the  balance of hinge moments. The bevel was 
only added outboard of the t ab  so as not  t o  decrease the 
t a b  e f f ec t iveness .  The incremental  e f f e c t s  o f  the  tab, 
t he re fo re ,  shou ld  be d i r e c t l y  appl icable  to  the beveled 
e l e  vat o r .  

The r e s u l t s  o f  the t e s t s  of  the beve led- ta i l ing-  
edge e l e v a t o r  en the s ixooth  nodel and the model w i t h  
roughness strips a t  0 . 2 5 ~  are g ivsn  i n  f i g u r e s  11 and 12, 
r e s p e c t i v e l y .  A coniparison o f  the e f f e c t s  o f  roughness 
i s  given i n  f i g u r e  1 3 .  
a S O 0  f o r  various e l eva to r  d e f l e c t i o n s  ( t h e  t e s t s  were 
run  a t  cons tan t  a i n  the tunnel aga ins t  6,; the 
v a r i a t i o n  o f  a i s  caused by the  jet-boundary c o r r e c t i o n )  
were igzored i n  the f a i r i n g  because o f  the unusual char- 
a c t e r  o f  the r e s u l t s  f o r  t h a t  run. The run was n o t  
checked but  a l l  o ther  t e s t s  i n d i c a t e  the f a i r i n g  t o  be 
more reasonable than the a c t u a l  po in ts .  

In f i g u r e  12, the po in t s  a t  

The e f f e c t s  of  boundary-layer condi t ions on the 
aerodynamic c h a r a c t e r i s t i c s  o f  the  beveled- t r a i l i n g -  
edge e l e v a t o r  (except  f o r  the one unusual r u n )  were 
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s i m i l a r  t o  bu t ,  a s  t o  be expected, o f  g r e a t e r  magnitude 
than those descr ibed f o r  the  e l e v a t o r  without the bevel. 
The extremely c r i t i c a l  nature  of model su r face  condi t ions  
on the v a r i a t i o n  o f  ch, w i t h  a i s  i l l u s t r a t e d  i n  
f igure 13. Resul t s  a r e  shown f o r  a t e s t  of the  model 
w i t h o u t  s t r i p s  but  w i t h  a considerable  number of small 
p a r t i c l e s  ( i n s e c t s  present  i n  the  tunnel  a t  n i g h t )  on 
and near the a i r f o i l  l ead ing  edge. This case gave almost 
the same r e s u l t s  as roughness s t r i p s  a t  0 . 0 5 ~ .  

Tab C h a r a c t e r i s t i c s  

The r e s u l t s  of the t e s t s  of  the tab  on the e l e v a t o r  
w i t h o u t  a beveled t r a i l i n g  edge a re  given i n  f i g u r e  14 
f o r  the smooth nodel and i n  f i g u r e  15 f o r  the model w i t h  
roughness s t r i p s  a t  0 . 2 5 ~ .  The t a b  t e s t e d  i s  capable of  
t r i imlng  t o  zero the e l e v a t o r  hinge moments o f  only - loo  
t o  10' e l e v a t o r  d e f l e c t i o n s  a t  a l l  angles of  a t t a c k  f o r  
t ab  d e f l e c t i o n s  of 2 5 O  t o  - 2 5 O .  
a t t ack ,  however, the tab i s  capable c f  trimming -15' 
t o  -20° e l e v a t o r  d e f l e c t i o n s ,  depending on the boundary- 
l aye r  condi t ions .  It appears,  never the less ,  t h a t  f o r  
the airplane i n  the landing or take-off  condi t ions  a 
t ab  of g r e a t e r  span o r  chord may be necessary when 
l a r g e  up-elevator  d e f l e c t i o n s  are required.  The t a b  
e f f e c t i  vene s s 

25 percent by s e a l i n g  the t a b  gap. 

about 28 percent .  

A t  p o s i t i v e  angles of 

can also be increased approximately 

(See reference 2.)  
The rou hness s t r i p s  reduced the value o f  by 

E f f e c t  of  Leakage 

A p r a c t i c a l  i n s t a l l a t i o n  of an i n t e r n a l  balance 
w i l l ,  o f  necess i ty ,  have some leakage f o r  d ra in ing  
condensation. In order  t o  determine the e f f e c t s  of 
leakage, t e s t s  o f  the  ho r i zon ta l  t a i l  were conducted 
w i t h  various numbers of holes through the i n t e r n a l -  
balance p l a t e  s imulat ing l eak  a r e a .  (See f i g .  1 6 . )  
The e f f e c t  o f  the ho le s  on the leakage f a c t o r  o f  the 
ind iv idua l  chambers i s  given in  f igu re  l 7 ( a ) .  The 
va r i a t ion  of the aerodynagic c h a r a c t e r i s t i c s  w i t h  the 
weighted mean leakage f a c t o r  are given i n  f i g u r e s  l 7 ( b )  
t o  l 7 ( d ) .  
of an i n t e r n a l  Salance a re  c r i t i c a l l y  dependent on 
leakage, i t  i s  suggested t h a t  manufacturers and maintenance 

Since i t  i s  apparant t h a t  the c h a r a c t e r i s t i c s  

UM-mwFmL-3 
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crews give? consi-dsration t o  tk-.,a gressuredmeasurement 
method cf checking the completeness o f  the seal on all. 
i n t e r i i a l l y  balanced cont ro l  su r f aces .  

It i s  u s u a l l y  assumed t h a t  the Salancing 2 c t i o n  o r  
increment of hinge monent produce6 b;T the  overhang i n  
an i n t e r n a l  balance I s  d i r e c t l y  r r o p o r t i o n a l  t o  t h e  
product one-half the overhang f a c t o r  times the pressure  
d i f f e rence  across  the  balance.  The d a t a  of  f i g u r e  17, 
however, show i n c r e m n t s  of Chea and Ch with 
leakage whLch a re  l e s s  negat ive than  those ca l cu la t ed  
f r o n  the  SalanciRg Dresswe and (dP)6 , .  
Altho?lgh leakage m y  cause nega t ive  increments i n  
and of  a p l a i n  con t ro l  sur face  when the pressure  

recovery eve r  the r e a r  o f  the c i i r fo i l  i s  ufiusuaily 
adverse o r  when the t ra i l ing-edge  anzle  i s  small ,  
the  da t a  of' reference 3 show that  the increments 
of ch and Cheg, due t o  leakage will becoine 

i n c r e a s i n g l y  p o s i t i v e  as the  t r a i l i ng -edge  angle i s  
increased.  

e 6e 

Che,  

e a  

was s o  small  a s  t o  

be wi th in  the accuracy o f  the t e s t s .  For the range of  
leakage t e s t e d ,  however, leakage caused approximately a 
9-percent reduct ion  i n  C 

cL,. The e f f e c t  o f  leakage on 

Lee 

Pressure D i s t r i b u t i o n s  

The r e s u l t s  of p r e s s u r e - d i s t r i b u t i o n  t e s t s  on the 
smooth model of the ho r i zon ta l  t a i l  without the bevel 
f o r  s e v e r a l  angles  of a t t a c k  and e l e v a t o r  d e f l e c t i o n s  
a re  given i n  f i g u r e  18. Because of  the d i f f e r e n c e s  i n  
the readings o f  the s t a t i c  mouse tube and a sur face  
o r i f i c e ,  i t  i s  advisable n o t  t o  use the pressure  d i s t r i -  
but ions where a high degree o f  accuracy i s  requi red .  The 
v a r i a t i o n  o f  the nressure c o e f f i c i e n t s  irvlth angle o f  
a t t a c k  and e l e v a t o r  de f l ec t ion ,  a s  determined from the 
d a t a  o f  f i g u r e s  la(a), 13(S) ,  and 18(c), i s  given in  
f i g u r e  1 9 .  
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Some Estimated C h a r a c t e r i s t i c s  o f  the X F - 1 2  Airplane 

In the aSsence o f  t e s t s  of a complete model of the  
XF-12 a i rF lane ,  a n  es t imate  was made I n  the  S t a b i l i t y  a i d  
Ccntrol Sectio-rl o f  the Langley F l i g h t  Research Divis ion of 
the neu t r a l  po ln t  o f  the a i r p l a n e  wi th  s t i c k  f ixed  and 
propellers windmilling. The es t ina te2-  n e u t r a l - p o i n t  
l oca t ion  w a s  37.8 percent o f  tke mean aerodynamic chord. 
The a i rp lane  p i t ch ing  moments caused by the h o r i z o n t a l  
t a i l  were based on the assumptions tha t  the v a r i a t i o n  o f  , 
h o r i z o n t a l - t a i l  l i f t  c o e f f l c i e n t  with t a i l  a7gI.e of 
a t t a c k  i s  0.070 per  degree, the  v a r i a t i o n  of w i n g - l i f t  
coe f f i c i en t  w i th  angle of a t t a c k  i s  0.084 per  degree,  
the va r i a t ion  of downwash angle wi th  sngle  of a t t a c k  
i s  0.36, and the  dynamic-pressure r a t i o  a t  the t a i l  
i s  0.9.  When the a n a l y s i s  i s  modified t o  take i n t o  
account the s lope o f  the h o r i z o n t a l - t a i l  l i f t -  
c o e f f i c i e n t  curve obtained i n  the present  izivestiga- 
t i o n ,  t h e  rev ised  est imated n e u t r a l  po in t  i s  36.0 per- 
cen t  of the mean aerodynamic chord. Since the most 
rearward center -of -gravi ty  p o s i t i o n  i s  35 percent  or" the 
mean aerodynamic chord, the a i r p l a n e  w i l l  be longi tudina l ly  
s t ab le  ( s t i c k  f i x e d  and p r o p e l l e r s  windmil l ing)  on the  
b a s i s  o f  these es t imates .  Assuming, however, t h a t  the 
e f f e c t s  o f  power s h i f t  the n e u t r a l  po in t  6 percent  of  
the mean aerodynamic chord f u r t h e r  forward, i t  i s  e s t i -  
mated t h a t  a lh-percent  increase  i n  the h o r i z o n t a l - t a i l  
l i f t  e f f e c t i v e n e s s  w i l l  be requi red  t o  make the a i r p l a n e  
n e u t r a l l y  s t a b l e  with s t i c k  f i x e d  a t  the most rearward 
center- of -grav i  t y 1 o ce. t ion.  

Estimates of  the s t i c k  fo rce  D e r  u n i t  normal 
acce le ra t ion  a re  given i n  f i g u r e  20. These e s t ima tes  
were made by the methods given i n  reference 4 using the 
slopes of t a b l e  111. It was assumed t h a t  t he  r a t i o  o f  
s t i c k  movement t o  e l eva to r  d e f l e c t i o n  w i t h  t a b  f ixed  
i s  1.80 f e e t  per r ad ian  and t h a t  the  r a t i o  of s t i c k  
movement t o  t a b  d e f l e c t i o n  w i t h  e l e v a t o r  f i x e d  i s  
-1.20 f e e t  per  rad ian .  It i s  apparent fron f i g u r e  20 
tha t  none of the model conf igura t ions  t e s t e d  a r e  capable 
of producing s a t i s f a c t o r y  v a r i a t i o n s  of s t i c k  fo rce  
per  u n i t  a c c e l e r a t i o n  over the  center -of -gravi ty  range . 
Furthermore, i t  i s  apparent that  i f  the a i rp l ane  i s  to 
be cont ro l led  wl th  the e l e v a t o r  l i nked  d i r e c t l y  t o  the 
s t i c k ,  the  s t i c k  force per  u n i t  a c c e l e r a t l o n  w i l l  be 
extremely c r i t l c z l  t o  minor v a r i a t i o n s  o f  the e l eva to r  
hinge-moment c h a r a c t e r i s t i c s .  The mmeuvering fo rces  
wi th  a s s rvo tab  i n  conjuact ion wit5 the smooth h o r i z o n t a l  

I 
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t a i l  ( $  = 2 5 O  outboard o f  t a b )  i n d i c a t e  fo rces  too 
small t o  be considered s a t i s f a c t o r y .  The c h a r a c t e r i s t i c s  
o f  a sp r ing  t ab  approach those of  a se rvotab  a t  h igh  
speed w i t h  th8 exception t h a t  the s t i c k  fo rces  are 
increasad by the amount requi red  t o  d e f l e c t  the spr ing .  
The a n a l y s i s  o f  re fe rence  4 i n d i c a t e s  that  i f  the e l e v a t o r  
hinge moments . a r s  adjusted t o  glve values o f  
and i n  the order of 0.03L19 and 0.0030 per  degree, 

r e spec t ive ly ,  s a t i s f a c t o r y  v a r i a t i o n s  of s t i c k  force  per  
unit a c c e l e r a t i o n  ca-rl %e o b t a i m d  over the speed and 
center -of -gravi ty  range by  a proper s e l e c t i o n  of sp r ing  
and tab  gear ing.  

Chea 

Comments on' Layout o f  Internal-Bzlance Chambers 

It can be seen i n  f igu re  3 t h a t  the t i p  chamber 
covers approximately 0.15 o f  the t o t a l  in te rna l -ba lance  
span. The r a t i o  o f  t he  overhang f a c t o r  o f  the t i p  
chamber t o  t he  t o t a l  overhang f a c t o r  F3/,", however, 
is only 0.08. 
r e l a t i o n  between the  pressure d i f f e r e n c e  i n  the t i p  and 
r o o t  chanbers o r  tir, and cen te r  chamber, i n d i c a t e s  t h a t  
t h e  aerodynamic balance Broduced by the t i p  chamber 0s 
only 6 psrcent  of  the t o t a l  for the  th ree  chambers. Since 
the i n s t a l l a t i o n  Etnd maintenance of  the in t e rna l  balance f o r  
th ree  chambers r e q u i r e s  more work than f o r  two chambers, 
i t  aopears t h a t  i t  may, from a p r a c t i c a l  viewpoint, be 
d e s i r a b l e  t o  replace t h e  i n t e r n a l  balance i n  the t i p  
chanber by a round nose, us ing  a wiper seal t o  r e t a i n  
the lift e f f e c t i v e n e s s .  P a r t  of  t h e  loss due t o  e l i m i -  
na t ing  the overhang i n  the t i p  chamber could be recovered 
by extending the  span of the  c e n t e r  chamber. 

T h i s  r a t i o ,  when mul t ip l i ed  b y  the 

The r e s u l t s  o f  t h e  t e s t s  o f  the l-/5-scale semispan 
model o f  the XF-12 hor izonta l  t a i l  i nd ica t e  the fo l lowing  
general  concluslons: 

1. The hinge-mcment c k a r a c t e r i s t i c s  o f  the e l e v a t o r  
vary considerably w i t h  boundary-lager condLtions and the 
magnitude of the va r i a t ion  inc reases  w i t h  t r a i l i ng -edge  
angle.  x 
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2. The balance c h a r a c t e r i s t i c s  o f  the  i n t e r n a l -  
balance e l e v a t o r  a re  c r i t i c a l l y  llependent on leakage. ' 

3. Increasing the boundary-layer displacement 
thickness  by use o f  roughness s t r i p s  on the t a i l  sur- 
faces  reduced the r a t e  of  change of e l e v a t o r  hinge 
moments with t a b  d a f l e c t i o n  by about 20 percent .  

4. Although the t i p  chamber o f  the i n t e r n a l  balance 
cont r ibu tes  only approximately 6 percent  o f  the t o t a l  
aerodyna-aic balance f o r  the three  chambers, i t  covers 
about 1-5 percent  of the t o t a l  span and adds t o  the 
amount of  work required t o  i n s t a l l  and maintain the 
i n t e r n a l  balance.  

5. Estimates ind ica t e  t h a t  the present  h o r i z o n t a l  
t a i l  w i l l  be s a t i s f a c t o r y  for l ong i tud ina l  s t a b i l i t y  
with s t i c k  f ixed  and p rope l l e r s  windmilling. The e f f e c t s  
o f  power w i l l  probably make the  a i rp l ane  longi  t u d i n a l l g  
unstable  a t  the most rearinrard center -of -gravi ty  loca t ion ,  
how2ver ,  an increase i n  the h o r i z o n t a l - t a i l  l i f t  e f f e c -  
t ivene s s should co r rec t  t h i s  d i f f i c u l t y .  

6 .  rke mmeuv3ring s t i c k  force ner  u n i t  a c c e l e r a t i o n  
will be extremely c r i t i c a l  t o  minor v a r i a t i o n s  o f  the 
e l eva to r  hinge xoments . i f '  the e l eva to r  i s  l inked  d i r e c t l y  
t o  the s t i c k .  

Langley Memorial Aeronautical Laboratory 
Nat'onal Advisory C o m l t t e e  f o r  Aeronautics 

Langley F ie ld ,  Va. 

Herbert  G I  Denaci 
Aeronautical  Engineer 

kartley?.  soul6 
Chief of  S t a b i l i t  &search Divis ion 
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TABLE I 

ORDINATES 3F TFE XF-12 SORIZONTAL-TAIL AIRFOIL SECTIOX 

~~ 

Station 

[Stations and ordinates are in Dercent of airfoil chord] 

0 

1.25 
2.50 
5.00 
7.50 

10.00 
15.00 
20.00 
25 . 00 
30.00 

45 00 
50.00 
55.00 
60.00 

ZZ:  E 

65.00 
70.00 
85 - 00 

0.00 
85.00 
90.00 
95 00 

100.00 

Ordinate 

53.172 :t:g 
+4.$75 
*5 2 5 *  71 O 2  
25 . 912 
*5 997 
25 949 
25 . 
";) ,041 
k4.535 
f 3  970 
53.367 

$5 .E; 

f2.715 
$2.056 
*lo395 
**707 
0 

L. E. Radlus: 1.000 

NATIONAL ADVISORY 
c O ~ I  ITTEE FOR AERONAUT rc s 
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TABLE I1 

GEOWIETRIC CONSTANTS Or" THX 1/5-SCALE SEhIISPAN hlOOEL 

OF THE XF-12 HORIZOMTAL TAIL SUSFACE 

Area o f  semispan model, S, square f e e t  . . . . , . 7.82 
Span o f  semispan model, b ,  f e e t  . . . . . . . . 4.42 
Mean geometric chord of model, c ' ,  f e e t  . . . . . 1.854 
Span o f  semispan e l eva to r ,  be, f e e t  . . . . . . . 3.75 
Span o f  i n t e r n a l  balance of semispan 

e l e v a t o r ,  bb, f e e t  . . . . . . . . . . . . . . 3 . 5 3  
Root  mean square chord of e l e v a t o r ,  Ce, f e e t  . . . 0.571 
Root mean square chqrd of  i n t e r n a l  balance t o  

c e n t e r  of s e a l ,  zb, f e e t  . . . . . . . . . . . 0.234 
Root mean square thickness  of  e l e v a t o r  a t  

e l e v a t o r  hinge axis, €, f e e t  . . . . . . . . . 0.148 
Area of i n t e r n a l  balance t o  the cen te r  o f  the 

f l e x i b l e  s e a l  divided by the a r e a  o f  the 
e l e v a t o r ,  Sb/Se . . . . . . . . , . 0.38 

Span o f  semispan tab ,  bt, f e e t  . . . . . . . . . 1.55 
Root mean square chord of  t ab ,  Et, f e e t  . . . . . 0.132 
Aspect r a t i o  o f  complete h o r i z o n t a l  t a i l  . . . . . 5.00 

Oveyhang f a c t o r  o f  complete i n t e r n a l  balance,  F . 0.1 ".Z0 1 
Taper r a t i o  of h o r i z o n t a l  t a i l  . . . . . . . . . . 
Overhang f a c t o r  of roo t  chamber, F1 . . . . . . . 0.078 
Overhang f a c t o r  of center  chamber, F2 . . . . . . 0.052 
Overhang f a c t o r  o f  t i p  chamber, F3 , . . . . . . . 0,011 

- 

NATIONAL ADVISORY 
COI\IWIITTEE FOR AERONAUTICS 
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FIGURE LEGENDS 

Figure 1. - Three-view drawing of Republic XF-12 a i rp l ane .  

Figure 2.- The l/lj-scale semispan model of t h e ,  XF-12 
ho r i zon ta l  t a i l  mounted i n  the 6- by 6-foot t e s t  sec- 
t i o n  o f  the Langley s t a b i l l t y  tunnel .  

( a )  Front  view showing s t a t i c  mouse mounted a t  
the  mean geometric chord. 

Figure 2.- Continued. 

( b )  Rear view. 

Figure 2.- Concluded. 

( e )  Rear view showing bui l t -up  beveled t r a i l i n g  
edge outboard o f  tab and roughness s t r ins  a t  0 . 2 5 ~ .  

Figure 3 . -  D e t a i l s  of the 1/5-scale model of XF-12 hori- 
zonta l  t a i l  su r f ace .  

Figure 4.- T3pical s ec t ion  of  XF-12 e l e v a t o r  outboard o f  
tab. 

Figure 5.- Schematic sketch o f  the method used t o  d e t e r -  
mine the  leakage f a c t o r .  

Figure 6.-  Veloci ty  p r o f i l e s  measured at 0 . 6 5 ~  a t  the 
spaawise l o c a t i o n  af t he  mean geometric chord of the 
XF-12 h o r i z o n t a l  t a i l  model ($  = 16O). 6, = 6 t  = Oo. 

( a >  a = oO, CL = 0 .  

Figure 6 .  - Concluded. 
(b) Roughness s t r i p s  a t  O.25c, P, = 2.76 X 1 0  6 . 

Figure 7.- Measured Values o f  6+/c a t  0 . 6 5 ~  a t  the  
spanwise l o c a t i o n  of the mean geometric .chord of t he  
XF-12 ho r i zon ta l  t a i l  model, and unpublished 
t h e o r e t i c a l l y  computed values o f  6te/c f o r  the 
NACA &j1-012 a i r f o i l  a t  R = 107. 6e = 6t = 0'. 
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FIGURE LEGENDS - Continued 
Figure 8.- Aerodynamic characteristics of the XF-12 

horizontal :ail model ($ = 160). Smooth model, 
E = 0.03, bt = Oo. 

(a) Lift coefficient. 

Figure 8.- Continued. 
(b) Elevator hinge-moment coefficient. 

Figure 8.- Continued. 
(c) Pitching-moment coefficient. 

Figure 8.- Continued. 
(d) Drag coefficient. 

Figure 8.- Concluded. 
(e) Pressure coefficient across the balance. 

Figure 9.- Aerodynamic characteristics of the XF-12 
horizontal tail model ($ = 160). Roughness strips 
at 0.25~~ E = 0.03 to 0.12, bt = Oo.  

(a) Lift coefficient. 

Figure 9.- Continued. 

(b) Elevator hinge-moment coefficient. 

Figure 9.-  Continued. 

(c) Pitching-moment coefficient. 

Figure 9 .  - Continued. 
(d) Drag coefficient. 

Figure 9.- Concluded. 

( e )  Pressure coefficient across the balance. 
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FIGURE LEGENDS - Continued 
3 

Figure 10.- Aerodynamic c h a r a c t e r i s t i c s  of the XF-12 
h o r i z o n t a l  t a i l  model ($ = 160) f o r  var ious configura- 
t i o n s .  E = 0.05, 6 t  = 00. 

( a )  6e = 0'. 

Figure 10,-  Ccncluded. 

(b) a, deg = 0 + 1.35'2,. 

Figure 11 .- Aerod-pamic c h a r a c t e r i s t i c s  o f  the XF-12 
ho r i zon ta l  t a i l  model wi th  a beveled t r a i l i n g  edge 
($ = 2 5 O  outboard of t a b ) .  Smooth model, E = 0.05, 
6 t  = 00. 

(a) L i f t  c o e f f i c i e n t .  

Figure 11.- Continued. 

(b) Elevator  hinge-moment c o e f f i c i e n t .  

Figure 11.- Continued, 

( e )  Pitching-moment c o e f f i c i e n t .  

Figure 11.- Continued. 

( d )  Drag c o e f f i c i e n t .  

Figure 11.- Concluded. 

( e  ) Pressure c o e f f i c i e n t  across  the balance.  

Figure 12,-  Aerodynamic c h a r a c t e r i s t i c s  o f  the  XF-12 
h o r i z o n t a l  t a i l  model wi th  a beveled t r a i l i n g  edge 
($ = 25' outboard o f  t a b ) .  Roughness s t r i p s  a t  0 . 2 5 ~ ~  
E = 0.05, 6 t  = 00. 

( a )  L i f t  c o e f f i c i e n t .  

Figure 12,- Continued. 

(b) Elevator  hinge-moment c o e f f i c i e n t ,  

Figure 12.- Continued. 

( c )  Pitching-moment c o e f f i c i e n t .  
< 
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FIGURE LEGENDS - Continued 

Figure 12.- Continued. 

(d) Drag c o e f f i c i e n t .  

Figure 12,-  Concluded. 

( e )  Pressure c o e f f i c i e n t  across  the  balance,  

Figure 13,- Aerodynamic c h a r a c t e r i s t i c s  o f  the XF-12  
horizon&al t a i l  model with a beveled t r a i l i n g  edge 
(a' = 25 outboard o f ,  t a b )  for various conf igura t ions .  
E = 0.05, 6t = Oo. 

Figure 14.- Tab t e s t s  of the XF-12 ho r i zon ta l  t a l l  model I 
1 .  ($ = 16O). Smooth model, E = 0.05. 

( a )  a, deg = 10 + 1.35C~.  

Figure 14.- Continued. 

(b) a, deg = 5 + 1.35CL. 

Figure 14.- Continued. 

( c )  a ,  deg = 0 + f.35CL. 

Figure 14.- Continued, 

( d )  a, deg = -5 + 1.35C~. 

Figure 14.- Concluded. 

( e )  a, deg = -10 + 1 .35C~.  
Figure 15.- Tab t e s t s  of the XF-12 ho r i zon ta l  t a i l  model. 

Roughness s t r i p s  a t  O.25c, E = 0.05. 

( a )  a, deg = 10 + 1 . 3 5 C ~ .  

Figure 15.- Continued. 

( b )  a, deg = 5 + 1.35CL. 
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FIGURE IEGENDS - Continued 

Figure 15.- Continued. 

( c )  a, de& = 0 + 1.35CL. 
Figure 15.- Continued. 

( d )  a, deg = -5 + 1 . 3 5 C ~ .  
Figure 15.-  Concluded. 

5 

( e )  a, deg = -10 + 1 . 3 5 C ~ .  

Figure 16.- Leakage t e s t s  of the XF-12 horizontal .  t a i l  
model ($ = 16O). Roughness s t r i p s  a t  0 . 2 5 ~ .  6 t  = 0'. 

(a) 6, = 0'. 

Figure 16.- Concluded. 

(b) a, deg = 0 + 1.35CL. 

Figure 17.- Summary o f  the e f f e c t s  of  leakage on the 
c h a r a c t e r i s t i c s  of the XF-12 h o r i z o n t a l  t a i l  model 
($ = 16O). 

Figure 18.- Pressure d i s t r i b u t i o n s  a t  the mean geometric 
chord of the XF-12 hor izonta l  t a l l  model ( $  = 16O). 
Smooth model, 6 t  = 0'. 

Roughness s t r i p s  a t  O.25c, G t  = 0'. 

( a )  a = 00,  6, = oO, CL 0,  ct  = 0 .  

Figure 18.- Continued. 

(b) a = 5.0°, 6e = Oo, CL = 0.33, cz  - - 0.35. 

Figure 18.- Continued. 

Figure 18 . - Continued. 
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FIGURE LEGENDS - Concluded 

Figure 18. - Concluded. 
0 ( e )  a = -1.00, 6, = -2.5 , C L  = -0.16, CZ = -0 .20.  

Figure 19.-  Pa and Pg, a t  the  mean geometric chord 
of the XF-12 hor i zon ta l  t a i l  model ($  = 16O). Smooth 
model, 6 t  = O o ,  

of the  XF-12 a i rp l ane  i n  pul l -ups w i t h  aerodynamic 
balance and w i t h  a servo tab on the e l eva to r .  

Figure 20.- Estimated maneuvering fo rce  c h a r a c t e r i s t i c s  
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A n g u l a r  deflections, tab 250 up 
250 t i o m  

Tail length, 0.25 mean aero- 
dynamic chord to aerodynamic 
aenter of tu11 52.7 it 

L 93>05” 

RY 

Figure 1 .- Three-vier drawing or iiepubllo XF-12 airplane. 
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